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DESCRIPTION 
CO-CATALYST FOR PURIFYING EXHAUST GAS 

Technical Fielrl 

The present invention relates to a co-catalyst for 
purifying an exhaust gas of an internal combustion 
engine, more particularly to the co-catalyst for efficiently 
converting the exhaust gas containing an environmental 
polluting substance such as carbon monoxide, 
hydrocarbons and nitrogen oxides into a nontoxic 
substance by means of oxidation andVor reduction. 

Background Art 

A catalyst prepared by finely dispersing a precious 
metal such as platinum, rhodium and palladium on a 
support such as alumina having a larger specific surface 
area is employed for purifying an exhaust gas discharged 
from an internal combustion engine of an automobile. 
These precious metals have a role of converting the 
nitrogen oxides into nitrogen in addition to a role of 
converting the hydrocarbons and the carbon monoxide in 



the exhaust gas into carbon dioxide and water and into 
carbon dioxide, respectively, by oxidation. A simultaneous 
catalysis on both of the oxidation reaction and the 
reduction reaction enables simultaneous removal of the 
three components including the hydrocarbons, the carbon 
monoxide and the nitrogen oxides. It is required to 
maintain a ratio between fuel and air (air-fuel ratio) at 
constant (at a theoretical air-fuel ratio) for efficiently 
affecting the simultaneous catalysis on the both 
reactions. 

However, the number of rotations of the internal 
combustion engine of the automobile is likely to be 
changed instantaneously, and the air-fuel ratio largely 
changes depending on driving situation such as speed- 
acceleration, speed-reduction, lower-speed driving and 
higher-speed driving. Accordingly an amount of fuel 
supplied to an engine is controlled to make the air-fuel 
ratio constant by judging the change of an oxygen 
concentration in the exhaust gas by using an oxygen 
sensor. 

The precious metal catalyst is employed with a co- 
catalyst for a purpose of preventing the reduction of the 
purifying catalysis generated due to the change of the 
air-fuel ratio by the chemical function of the catalyst 
itself. An example of the co-catalyst includes cerium oxide. 



The cerium oxide has a characteristic of eliminating and 
absorbing adhered oxygen and lattice oxygen in the 
cerium oxide depending on the degree of the oxygen 
partial pressure. Accordingly, when the exhaust gas is 
reductive, the cerium oxide eliminates the oxygen [Ce0 2 

Ce0 2 . x + (x/2)0 2 ] to supply the oxygen into the 
exhaust gas for affecting the oxidation reaction. On the 
other hand, when the exhaust gas is oxidative, the cerium 
oxide taking the oxygen into its oxygen defects [Ce0 2 . x + 
(x/2)0 2 CeCy to decrease the oxygen concentration in 
the exhaust gas for affecting the reduction reaction. In 
this manner, the cerium oxide acts as a buffering agent 
for decreasing the change of the oxidative property and 
the reductive property of the exhaust gas to maintain the 
purifying property of the catalyst. 

However, the co-catalyst for purifying the exhaust 
gas is likely to be deteriorated because of the long-time 
exposure to a higher-temperature gas from the internal 
combustion engine. Especially, the resistance to heat of 
the cerium oxide is low, and the cerium oxide is sintered 
to reduce its specific surface area upon exposure to a 
higher-temperature gas, thereby resulting in the 
reduction of the initial properties as the co-catalyst. 
Accordingly, the elevation of the thermal stability by the 
addition of other elements such as zirconium or of the 



stability of the hexagonal by increasing the lattice 
constant by means of the addition of other elements is 
attempted. However, the satisfactory results have not jet 
been obtained. 

Although the cerium oxide is mixed with aluminum 
oxide ( a -type, r -type, 6 -type) to prepare a co-catalyst in 
accordance with a widely-employed technology and the 
sintering of the mixture can be physically prevented by 
the mixing of the aluminum oxide in this case, the 
sintering of the cerium oxide itself cannot be prevented. 

Even if the sintering of the cerium oxide could be 
prevented, the actively is lowered in a relatively short 
period of time not to obtain a substantially longer lifetime 
when the co-catalyst is continuously used with the 
precious metal catalyst in an actual internal combustion 
engine for purifying an exhaust gas. 

An object of the present invention is to provide a co- 
catalyst for purifying an exhaust gas which can be used 
for a loner period of time as an actual catalyst and a 
process for treating an exhaust gas catalyst by using the 
cerium oxide in the conventional co-catalyst for purifying 
the exhaust gas as a cerium- containing complex oxide for 
elevating the resistance to heat and suppressing the 
performance reduction due to thermal deterioration and 
by making a specific surface area and an oxygen storage 



capacity over specified values. 

Discl osure of Invention 

The present invention is a co-catalyst for purifying 
an exhaust gas including: a composite oxide including (a) 
cerium; and (b) at least one element selected from the 
group consisting of zirconium, yttrium, strontium, 
barium and a rare-earth element supported on a 
particulate aluminum oxide support; a specific surface 
area of the co-catalyst after sintering being not less than 
40 m 2 /g; an oxygen storage capacity at 700 °C being not 
less than 100 u mols/g or an oxygen storage capacity at 
400 °C being not less than 10 \x mols/g. 

The present invention will be described in detail. 

As described above, the sintering of the cerium oxide 
itself cannot be prevented even if the co-catalyst is 
formed by mixing the cerium oxide and the aluminum 
oxide. However, the repeated experiments by the present 
inventors revealed that a co-catalyst containing a 
cerium-based composite oxide having a higher stability to 
heat and an anti-sintering property prepared by 
supporting a composite oxide containing cerium, a 
specified element and oxygen on the particulate 
aluminum oxide. The co-catalyst can be prepared, for 
example, by reacting an aqueous solution dissolving 



therein a water-soluble salt of cerium and another water- 
soluble salt of a specified element in contact with the 
particulate aluminum oxide, with a specified 
precipitating agent (reducing agent) to deposit the 
reaction product on the particulate aluminum oxide and 
sintering the particulate aluminum oxide having the 
deposited reaction product thereon to support the 
composite oxide containing the cerium, the specified 
element and the oxygen on the particulate aluminum 
oxide. 

It has been known that the use of the co-catalyst 
having the specific surface area and the specified oxygen 
storage capacity among those having the above 
particulate aluminum oxide supporting the composite 
oxide can elevate the catalysis and increase the treating 
efficiency of the actual exhaust gas. 

After vigorous experiments for elevating the 
catalysis, the present inventors have conceived based on 
the above knowledge that the co-catalyst can be 
prevented from the reduction of the initial activity even 
after exposure to a higher temperature for a longer period 
of time to maintain the higher catalysis by supporting the 
cerium-based composite oxide containing the cerium 
oxide and an oxide of another metal on the particulate 
aluminum oxide and by adjusting the specific surface 



area thereof after higher-temperature sintering to be 40 
m 2 /g or more, and the oxygen storage capacities at 700 °C 
and 400 °C to be 100 n mols/g and 10 \± mols/g, 
respectively, thereby reaching to the present invention. 

A composition ratio between the aluminum oxide 
and the composite oxide, and a composition ratio between 
the cerium and the added element in the composite oxide 
are not especially restricted. However, the reduction of a 
relative amount of the cerium in the co-catalyst tends to 
decrease the effect of the co-catalyst. When, inversely, the 
relative amount of the cerium is excess, the cerium oxide 
separately exists in addition to the composite oxide 
containing the cerium or all the cerium oxide cannot be 
supported on the aluminum oxide. Accordingly, the 
excessive relative amount of the cerium does not produce 
the effect corresponding thereto. The composition ratio 
between the aluminum oxide and the composite oxide is 
preferably about (1:0.5) to (1:4) by weight. The 
composition ratio between the cerium and the added 
element in the composite oxide when calculated into the 
corresponding oxides is preferably about (1:0.1) to (0.1:1), 
and more preferably about (1:0.2) to (0.2:1). 

The aluminum oxide employed in the present 
invention is desirably particulate, and has the larger 
specific surface area and the higher stability to heat. 



Examples of such aluminum oxide include a -alumina, 
9 -alumina and r -alumina, and a foreign element (for 
example, an alkaline earth metal and silica) may be 
added to the alumina. However, boehmite which is 
included in the alumina is excluded form the alumina of 
the present invention because the specific surface area 
thereof is small and the resistance to heat is inferior. 

Although the particle size of the particulate 
aluminum oxide is not especially restricted, the average 
particle size is preferably 10 ^im where the particulate 
aluminum oxide even supporting the composite oxide on 
the surface is hardly agglomerated and the higher 
dispersing ability can be maintained. When, however, the 
average particle size is excessive, the specific surface area 
is reduced below 40 m 2 /g required in the co-catalyst of the 
present invention so that the particle size is properly 
determined considering the above. 

The added element for forming the composite oxide 
of the present invention together with the cerium is at 
least one element selected from the group consisting of 
zirconium, yttrium, strontium, barium and a rare-earth 
element (for example, lanthanum, praseodymium, 
neodymium and ytterbium). The co-catalyst may be 
prepared by any process, and usually prepared by mixing 
and reacting an aqueous solution dissolving a water- 



soluble salt of the cerium and a water-soluble salt of the 
added element with a dispersion of the aluminum oxide 
and a reducing agent such as aluminum bicarbonate or 
its aqueous solution. Such a dispersion may be prepared, 
for example, by dissolving the water-soluble salts of the 
cerium and of at least one of the added elements into 
water and dispersing the particulate aluminum oxide 
thereto or by adding water to the mixture of the water- 
soluble salts of the cerium and of at least one of the added 
elements and the particulate aluminum oxide. 

Although the water-soluble salt is not especially 
restricted, a nitrate is preferably employed for 
suppressing the influence caused by an impurity anion. 

After the internal pores of the particulate aluminum 
oxide are sufficiently impregnated with the aqueous 
solution, the dispersion is reacted with, for example, 
ammonium bicarbonate or its aqueous solution 
functioning as a precipitating agent and a reducing agent. 
The mixing method includes the addition of the 
dispersion to the ammonium bicarbonate aqueous 
solution and the addition of the ammonium bicarbonate 
aqueous solution to the dispersion. In case of the solid 
ammonium bicarbonate, it may be added to and dissolved 
in the dispersion. 

In addition to the method, another method may be 
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employed which includes adhering the aqueous solution 
of the water-soluble salts of the cerium and the added 
element on the particulate aluminum oxide and 
contacting the aluminum oxide with the aqueous solution 
of the reducing agent for occurring the reaction. 

The particulate aluminum oxide having the adhered 
aqueous solution can be prepared by dispersing the 
particulate aluminum oxide in the aqueous solution, 
sufficiently entering the aqueous solution into the 
internal pores of the particulate aluminum oxide and 
taking out the particulate aluminum oxide for separation 
by means of filtration or the like, or by placing the 
particulate aluminum oxide on a filtrating medium and 
flowing down the above aqueous solution onto the 
particulate aluminum oxide. 

In this method, most parts of the reaction product 
among the cerium, the added element and the reducing 
agent are adhered on the particulate aluminum oxide, 
however, an amount of the aqueous solution which can be 
adhered is disadvantageously reduced. The disadvantage 
can be removed to some degree by increase of the 
concentration of the cerium and the added element in the 
aqueous solution and repetition of the flow-down of the 
aqueous solution. 

The reaction product containing the cerium and the 
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added element is deposited on the particulate aluminum 
oxide by any of the above-mentioned reactions. The 
reaction product may be a double salt, the composite 
oxide or the mixture thereof depending on reaction 
conditions. When, for example, the dispersion is added to 
the aqueous solution containing the reducing agent, the 
composite oxide is likely produced, and when the aqueous 
solution containing the reducing agent is inversely added 
to the dispersion, the double salt is likely produced. 

Although the reaction temperature is not especially 
restricted, it has been known that the reaction product 
having the higher resistance to heat was obtained by the 
reaction under heating rather than at room temperature. 

After the particulate aluminum oxide having the 
reaction product obtained in this manner and deposited 
thereon is separated by filtration or the like and washed, 
the particulate aluminum oxide is sintered. When the 
reaction product is the double salt, water and the 
carbonate therein are decomposed by the sintering to 
produce the composite oxide which is deposited on the 
particulate aluminum oxide. When the reaction product 
is the composite oxide, it is supported on the particulate 
aluminum oxide as it is by the sintering, thereby 
providing the co-catalyst. 

Since the cerium is firmly supported on the 
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particulate aluminum oxide in the form of the composite 
oxide different from conventional mixed power containing 
cerium oxide and aluminum oxide, the resistance to heat 
of the co-catalyst is elevated and the sintering is 
prevented even if the co-catalyst is exposed to a higher 
temperature for a longer period of time and the 
performance reduction due to thermal deterioration can 
be significantly suppressed. The coating of the particulate 
aluminum oxide on the composite oxide increases the 
contact rate with an exhaust gas. 

The sintering temperature during the manufacture 
of the co-catalyst is not especially restricted and an 
ordinary sintering temperature is between 500 and 
800 °C . In the present invention, the sintering is 
preferably conducted between 800 and 1100 °C This is 
because the catalyst for purifying the exhaust gas of the 
internal combustion engine containing the co-catalyst 
actually mounted in the internal combustion engine such 
as an automobile is frequently exposed to a temperature 
exceeding 1000 °C at maximum depending on the 
traveling speed of the automobile so that the higher- 
temperature sintering is desirable to further increasing 
the resistance to heat. Since, however, the co-catalyst is 
not the composite oxide as mentioned above in the 
conventional catalyst for purifying the exhaust gas of the 
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internal combustion engine, the higher-temperature 
sintering of the conventional catalyst results in the 
deterioration of the cerium oxide which disables the 
smooth transfer of the oxygen, thereby inactivating the 
whole catalyst. 

In contrast, the existence of the cerium in the form 
of the composite oxide together with the added element in 
the co-catalyst in the present invention significantly 
elevates the resistance to heat, and the activity reduction 
by the sintering at about 100 °C is substantially 
negligible. 

The higher-temperature sintering can hardly 
prevent from the reduction of the specific surface areas of 
the whole catalyst and the co- catalyst. The function of the 
added element is to secure the oxygen-absorbing and 
releasing abilities (oxygen storage capacity) of the cerium 
by forming the composite oxide. The oxygen storage 
capacity of the cerium generally increasing with a 
temperature may be decreased due to the severe 
sintering. Accordingly, the present invention intends not 
to deteriorate the complementary function for the 
oxidation-reduction reaction which is an essential 
function of the co-catalyst by maintaining the specific 
surface area and the oxygen storage capacity which 
directly affect the catalysis to be specified values or more 
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while securing the elevation of the resistance to heat of 
the catalyst by the higher- temperature sintering. 

As described above, the specific surface area of the 
co-catalyst of the present invention is adjusted to be 40 
m 2 /g or more. The specific surface area decreases with the 
increase of the sintering temperature, and largely 
depends on the specific surface area of the particulate 
aluminum oxide employed rather than the sintering 
temperature. Accordingly if the specific surface area of 
the co-catalyst after the sintering is expected to be less 
than 40 m 2 /g considering the required sintering 
conditions, the specific surface area of the co-catalyst is 
desirably adjusted to be 40 m 2 /g or more by employing the 
aluminum oxide having a smaller particle size. 

Although the oxygen storage capacity of the cerium 
oxide is largely reduced when the cerium oxide is singly 
sintered at a higher-temperature, such a reduction 
seldom occurs when the cerium oxide forms the composite 
oxide as in the present invention. Although the oxygen 
storage capacity has a higher-temperature dependency, 
the functions of the co-catalyst are sufficiently displayed 
when the oxygen storage capacity at the practical 
temperature of the catalyst used as the co-catalyst for 
purifying the exhaust gas of the internal combustion 
engine is 10 }i mols/g or more. 
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In case of the co-catalyst containing the composite 
oxide of the cerium and the added element in accordance 
with the present invention, the oxygen storage capacity 
remarkably changes between 600 and 700 °C , and 
exceeds 1000 u mols/g at 700 °C . Accordingly the 
intrinsic oxygen storage capacity of the cerium is highly 
maintained by treating the exhaust gas at 700 °C or 
more with the catalyst for purifying the exhaust gas of 
the internal combustion engine of the present invention, 
and further the functions required for the catalyst for 
purifying the exhaust gas of the internal combustion 
engine such as oxidation of carbon monoxide, oxidation of 
hydrocarbons and reduction of nitrogen oxides can be 
secured to promote the production of the harmless 
exhaust gas. Further, the functions of the co-catalyst are 
sufficiently displayed at 400 °C which is in a lower- 
temperature range than 700 °Cwhen the composite oxide 
is formed and the above specific surface value is 
maintained. 

BrieUDBSXJciDJtion of Drawings 

Fig.l is a graph showing a relation between an 
ambient temperature and an oxygen storage capacity in 
Example 10. 

Fig. 2 is a graph showing a relation between the 
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specific surface area of a catalyst and the 50 percent 
reduction temperature (T 50 ) of carbon monoxide in 
Example 11. 

Fig.3 is a graph showing a relation between an 
oxygen storage capacity (An) and a cut-down rate (7? 40 o) 
of nitrogen oxides in Example 12. 

Fig. 4 is a graph showing a relation between an 
oxygen storage capacity (An) and each of cut-down rates 
( V 400) of carbon monoxide, propylene gas and nitrogen 
oxides. 

Best Mode for Implementing Invention 

Although Examples of a process of preparing a co- 
catalyst for purifying an exhaust gas in accordance with 
the present invention will be described, the present 
invention shall not be deemed to be restricted thereto. 

Example 1 

After cerium nitrate (50 g when converted into 
Ce0 2 ) and zirconium nitrate (50 g when converted into 
Zr0 2 ) were dissolved into water of which a total amount 
was 3 liters, 50 g of r -alumina (specific surface area: 150 
m 2 /g, average particle size: 18 m) was put into 3 liters of 
the aqueous solution and was sufficiently dispersed and 
mixed. The dispersion was added dropwise to 3 liters of 
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an aqueous solution dissolving 150 g of ammonium 
bicarbonate under stirring for reaction. The reaction 
provided the alumina coated with the reaction product 
containing the cerium and the zirconium. 

After the sufficient washing of the product followed 
by the filtration, the product was dried at 100 °C and 
further sintered at 600 °C for three hours to provide the 
alumina powder supporting the composite oxide 
containing the cerium and the zirconium. 

The composition rate of the alumina supporting the 
composite oxide (weight ratio converted into 
corresponding oxides), the average particle size and the 
specific surface area (listed in the column before the 
higher-temperature treatment), and the specific surface 
area of the alumina powder after the higher- temperature 
treatment at 1000 °C for three hours in an ambient 
atmosphere (listed in the column after the higher- 
temperature treatment) were shown in Table 1. The 
specific surface area of the alumina powder after the 
sintering at 600 °C was 90 m 2 /g and was reduced to 48 
m 2 /g after the sintering at 1000 °C which was, however, 
a satisfactory surface area significantly larger than 40 
m 2 /g. 

After the alumina powder supporting the composite 
oxide obtained by the sintering at 600 °C for three hours, 
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the T -alumina (specific surface area: 150 m 2 /g, average 
particle size: 18 Mm) and boehmite binder were weighed 
such that the weight ratio thereof was 5:5:1, these were 
sufficiently mixed in a ball mill. Water was added to the 
mixture for preparing a slurry. 

After the slurry was supported on a honey-comb 
support made of cordierite (diameter: 76 mm, length: 100 
mm, and 300 cells/square inch) at 160 g/liter and sintered 
at 500 °C, the support was impregnated with a precious 
metal solution containing 0.375 g of palladium and 0.075 
g of rhodium for adhering and supporting all the precious 
metals. After the re-sintering at 500 °C, the reduction 
was conducted by using a reducing agent to prepare the 
precious metal-supported catalyst containing the co- 
catalyst. 

The catalyst was thermally deteriorated by means 
of a higher-temperature treatment at 1000 °C for 20 
hours in an ambient atmosphere. The catalyst after the 
thermal deterioration was mounted on an automobile, 
and total discharge amounts (values expressed in grams 
of carbon monoxide, nitrogen oxides and hydrocarbons 
per 1 km of a traveling distance of the automobile) of 
polluted substances in an exhaust gas were measured in 
accordance with 10 to 15 modes. The results were shown 
in Table 2. After the catalyst supporting layer after the 
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thermal deterioration was peeled off and the X-ray 
diffraction was conducted thereon, a single peak was 
observed which was identified to he Ce 0 5 Zr 0 5 0 2 . 

Comparative Examp le 1 

After the 7 -alumina (specific surface area: 150 
m 2 /g, average particle size: 18 Mm), the cerium oxide, the 
zirconium oxide and the boehmite binder were weighed at 
a weight of 3:3:3:1, these were sufficiently mixed in a ball 
mill. Water was added to the mixture for preparing a 
slurry. 

A precious metal catalyst containing a co-catalyst 
was prepared by using the slurry similarly to Example 1, 
and total discharge amounts of polluted substances in an 
exhaust gas were measured similarly to Example 1 by 
using the precious metal catalyst. The results were 
shown in Table 2. After the catalyst supporting layer 
after the thermal deterioration was peeled off and the X- 
ray diffraction was conducted thereon, two peaks of Ce0 2 
and Zr0 2 were separately observed. 

As apparent from the data shown in Table 2, the 
comparison between the exhaust gas treatment by the 
catalyst of Example 1 and the exhaust gas treatment by 
the catalyst of Comparative Example 1 revealed that the 
polluted substances was reduced to about half by using 



20' 

the catalyst having the cerium-containing composite 
oxide as the co-catalyst of Example 1 because the carbon 
monoxide concentration in the exhaust gas treated by the 
former catalyst was 50.0 % of that treated by the latter 
catalyst, the nitrogen oxide concentration treated by the 
former catalyst was 69.2 % of that treated by the latter 
catalyst and the hydrocarbon concentration treated by 
the former catalyst was 42.5 % of that treated by the 
latter catalyst. 

Comparative Example 9. 

After cerium nitrate (50 g when converted into 
CeCy and zirconium nitrate (50 g when converted into 
Zr0 2 ) were dissolved into water of which a total amount 
was 3 liters, 59 g of boehmite (average particle size: 6 1± 
m) in place of the r -alumina employed in Example 1 was 
put into 3 liters of the aqueous solution and was 
sufficiently dispersed and mixed. The dispersion was 
added dropwise to 3 liters of an aqueous solution 
dissolving 150 g of ammonium bicarbonate under stirring 
for reaction. The reaction provided the boehmite coated 
with the reaction product containing the cerium and the 
zirconium. After the sufficient washing of the product 
followed by the filtration, the product was dried at 100 °C 
and further sintered at 600 X. for three hours to provide 
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the powder. 

The composition rate of the powder (weight ratio 
converted into corresponding oxides), the average particle 
size and the specific surface area (listed in the column 
before the higher-temperature treatment), and the 
specific surface area of the powder after the high- 
temperature treatment at 1000 °C for three hours in an 
ambient atmosphere (listed in the column after the high- 
temperature treatment) were shown in Table 1. 

A precious metal catalyst containing a co-catalyst 
was prepared by using the slurry similarly to Example 1, 
and total discharge amounts of polluted substances in an 
exhaust gas were measured similarly to Example 1 by 
using the precious metal catalyst. The results were 
shown in Table 2. 

The comparison between the exhaust gas treatment 
by the catalyst of Example 1 and the exhaust gas 
treatment by the catalyst of Comparative Example 2 
revealed that the polluted substances were significantly 
reduced because the carbon monoxide concentration in 
Example 1 was 53.2 % of that of Comparative Example 2, 
the nitrogen oxide concentration was 66.1 % of that of 
Comparative Example 2 and the hydrocarbon 
concentration was 55.4 % of Comparative Example 2. 
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Comparative Example 3 

Powder was prepared in accordance with the same 
conditions as those of Comparative Example 2 except that 
1.5 liters of an ammonia aqueous solution (ammonia : 
water =1:9) was used in place of the aqueous solution 
dissolving the ammonium bicarbonate and a dispersion 
was added dropwise to the ammonia aqueous solution, 
and a composition rate, an average particle size and a 
specific surface area were measured similarly to 
Comparative Example 2. The results were shown in Table 
1. 

Total discharge amounts of polluted substances in 
an exhaust gas were measured similarly to Comparative 
Example 2. The results were shown in Table 2. 

The comparison between the exhaust gas treatment 
by the catalyst of Example 1 and the exhaust gas 
treatment by the catalyst of Comparative Example 3 
revealed that the polluted substances were significantly 
reduced by using the catalyst of Example 1 because the 
carbon monoxide concentration in Example 1 was 66.6 % 
of that of Comparative Example 3, the nitrogen oxide 
concentration was 71.4 % of that of Comparative 
Example 3 and the hydrocarbon concentration was 66.2 % 
of Comparative Example 3 though the reduction rates 
were smaller than those of Comparative Examples 1 and 
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2. 

Table 1 





Composition Ratio 
(Weight Ratio) 
Al a 0s:CeOa:ZrOa 


Average 
Particle 
Size ( li m) 


Specific Surface Area of 
Powder (m 2 /g) 


Before High 
Temperature 
Treatment 


After High 

Temperature 

Treatment 


Example 1 . 
Example 2 

Example 3 


1.00:0.91:0.95 
1.00:1.12:0.24 
(Al 2 Os:CeO s :La20 3 ) 
1.00:0.91:0.95 


22 
25 

18 


90 
86 

145 


48 
42 

105 


Comp.Ex.l 










Comp.Ex.2 


1.00:1.08:0.98 


8 


88 


34 


Comp.Ex.3 


1.00:1.05:1.04 


8 


76 


29 



Example 2 

Alumina powder supporting a composite oxide 
containing cerium and lanthanum was prepared in 
accordance with the same conditions as those of Example 
1 except that lanthanum nitrate (10 g when converted 
into ha 2 0^) was used in place of the zirconium nitrate of 
Example 1. A composition rate, an average particle size 
and a specific surface area measured similarly to 
Example 1 were shown in Table 1. 

Total discharge amounts of polluted substances in 
an exhaust gas were measured similarly to Example 1. 
The results were shown in Table 2. 



Examp le 3 
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After cerium nitrate (50 g when converted into 
Ce0 2 ) and zirconium nitrate (50 g when converted into 
Zr0 2 ) were dissolved into water of which a total amount 
was 0.5 liter, 50 g of 7 -alumina (specific surface area: 150 
m 2 /g, average particle size: 18 Mm) was put into 0.5 liter 
of the aqueous solution and was sufficiently dispersed 
and mixed. The dispersion was filtered to recover the 
powder which was immediately added dropwise to 3 liters 
of an aqueous solution dissolving 150 g of ammonium 
bicarbonate under stirring for reaction. The reaction 
provided the alumina coated with the reaction product 
containing the cerium and the zirconium. 

Alumina powder supporting a composite oxide 
containing cerium and lanthanum was prepared by a 
treatment similar to that of Example 1. 

A composition rate, an average particle size and a 
specific surface area measured similarly to Example 1 
were shown in Table 1. 
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Table 2 





Total Discharge Amount of Polluted 




Substances ( g / k m) 






CO 


NO x 


HC 


Example 1 


0.42 


0.045 


0.051 


Example 2 


0.46 


0.050 


0.077 


Example 3 


0.31 


0.011 


0.021 


Comp.Ex.l 


0.84 


0.065 


0.120 


Comp.Ex.2 


0.79 


0.068 


0.092 


Comp.Ex.3 


0.63 


0.063 


0.082 



Exa mple 4 to 6 and Comparative Exam ples 4 to 8 

Alumina powders supporting composite oxides were 
prepared in accordance with the preparation process of 
Example 2 except that praseodymium nitrate (Example 
4), neodymium nitrate (Example 5), yttrium nitrate 
(Example 6), strontium nitrate (Comparative Example 4), 
barium nitrate (Comparative Example 5), ytterbium 
nitrate (Comparative Example 6), vanadium nitrate 
(Comparative Example 7) or indium nitrate (Comparative 
Example 8) was used in place of the lanthanum nitrate 
used in the process of Example 2. 

The specific surface areas of these alumina powders 
after the higher-temperature treatment at 1000 °C for 
three hours in an ambient atmosphere were measured. 
The results were shown in Table 3. It was shown in Table 
3 that the specific surface areas after the higher- 
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temperature treatment using the praseodymium, the 
neodymium and the yttrium were 48, 43 and 41 m 2 /g, 
respectively which exceeded 40 m 2 /g. Although the 
specific surface areas using the strontium, the barium 

5 and ytterbium were 38, 32 and 35 m 2 /g, respectively, 
which were below 40 m 2 /g, these were close to 40 m 2 /g 
different from those for the vanadium and the indium. 
The specific surface areas of the using the strontium, the 
barium and the ytterbium can be easily adjusted over 40 

10 m 2 /g by increasing the specific surface areas of the 
alumina powders, and accordingly these metals are 
included in the added element used in the present 
invention depending on conditions. 

is Examples 7 to 9 and Comparat ive Examp le 1 5 

Co-catalysts supporting a composite oxide 
containing cerium and zirconium were prepared by 
supporting cerium oxide and zirconium oxide in various 
element ratios on alumina ( r -alumina or boehmite) 

20 acting as a support. The support used herein was ther- 
alumina (Examples 7 to 9 and Comparative Examples 9 
to 13) or the boehmite (Comparative Examples 14 and 15), 
the composition ratios of Al 2 0 3 :Ce0 2 :Zr0 2 were 1.0:1.0:0.5 
(Example 7), 1.0:1.0:0.1 (Example 8), 1.0:1.0:0.1 (Example 

25 9), 1.0:1.0:0.1 (Comparative Example 9), 1.0:1.0:0.1 
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(Comparative Example 10), 1.0:1.0:0.1 (Comparative 
Example 11), 1.0:1.0:0.1 (Comparative Example 12), 
1.0:1.0:0.1 (Comparative Example 13), 1.0:1.0:0.1 
(Comparative Example 14) and 1.0:1.0:0.1 (Comparative 
Example 15) in this order. 

Each of these catalysts was treated at a higher 
temperature treatment of 1000 °C for three hours in an 
ambient atmosphere. Composition ratios (weight ratios 
converted into corresponding oxides) and specific surface 
areas after the higher temperature treatment of each of 
the co-catalysts were shown in Table 4. 



Table 3 





Added 
Element 


Specific Surface Area 
After High Temperature 
Treatment 


Example 4 
Example 5 
Example 6 


P r 

N d 
Y 


4 8 m* / s 
4 3 m 2 /g 
4 1 m 2 / g 


Comp. Ex. 4 
Comp. Ex.5 
Comp .Ex. 6 
Comp .Ex.7 
Comp .Ex.8 


S r 
B a 
Y b 
v 

I n 


3 8 m* / g 
3 2 m* /g 
3 5 m- /g 
12 m^/g 
16 m 2 / g 
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Table 4 





Composition Ratio 
(Weight Ratio) 
AlaOsrCeOzrZrO* 


Support 


Specific 
Surface Area 
After High 
Temperature 
Treatment 


Example 7 
Example 8 
Example 9 


1.0:1.0:0.5 
1.0:0.5:0.5 
1.0:0.2:1.0 


7 -alumina 
T -alumina 
T -alumina 


43m 2 /g 
41m 2 /g 


Comp.Ex.9 
CompJExlO 
Comp.Exll 
Comp.Exl2 
Comp.Exl3 
Comp.Exl4 
Comp.Exl5 


1.0:1.0:0.1 
1.0:2.5:1.0 
1.0:3.5:1.0 
1.0:1.0:0.0 
1.0:1.0:0.0 
1.0:1.0:0.1 
1.0:2.5:1.0 


r -alumina 
7 -alumina 
7 -alumina 
7 -alumina 
r -alumina 
Boehmite 
Boehmite 


SSm^/g 
39m 2 /g 
30m 2 /g 
lSm 2 /g 
19m 2 /g 
12m 2 /g 
6m-/g 



As apparent from the data shown in Fig.4, the co- 
catalysts had the specific surface areas of 40 m 2 /g or more 
in the range of the weight ratio of the cerium oxide and 
the zirconium oxide between (2:1) and (1:5) (Examples 7 
to 9). On the other hand, when the boehmite was used 
(Comparative Examples 14 and 15) and the zirconium 
was not contained (Comparative Examples 12 and 13), 
the specific surface areas after the higher temperature 
treatment were unsatisfactorily below 20 m 2 /g. However, 
it can be understood that the specific surface areas of the 
co-catalysts can be easily adjusted over 40 m 2 /g by the 
specific surface areas of the r -alumina because the 
specific surface areas after the higher temperature 
treatment, when the weight ratio of the cerium with 
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respect to the zirconium exceeded 2.5 (Comparative 
Examples 9 to 11), exhibited 38, 39 and 30 m 2 /g close to 
40 m 2 /g. 

Example 10 

Oxygen storage capacities at 400, 500, 600, 700 and 
800 °C of the co-catalyst after the higher temperature 
treatment prepared in Example 1 were measured. The 
results were shown in Fig.l with — O - . The graph 
shows that while the oxygen storage capacity increased 
up to 600 *C though it was 80 f± mols/g or less, it rapidly 
increased at 600 to 700 °C and nearly doubled at 700 °C 
to be 150 At mols/g. The oxygen storage capacity further 
increased with the temperature and reached to 240 1± 
mols/g at 800 °C. 

Example 11 

A larger number of catalysts sintered at 1000 °C for 
three hours were prepared in accordance with the 
procedures of Example 1 except that raw material 
aluminum oxides having a different specific area were 
used and platinum was used in place of the palladium. 

After a honey-comb support made of cordierite 
(diameter: 25.4 cm, length: 50 cm) supporting each of the 
catalysts was mounted in a reaction apparatus having an 
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ordinary-pressure fixed bed, a phantom exhaust gas was 
supplied thereto at SV (space velocity) = 60000/hour, and 
a temperature on which the carbon monoxide 
concentration reduced to half (T 50 ) was measured while 
the temperature in the apparatus was increased at a 
rising rate of 20 °C /minute. The T 50 s of seven catalysts in 
all were measured, and relations between the specific 
surface area and the T 50 (CO) for each of the catalysts 
were shown in Fig. 2 with — ■ — . 

After the regeneration of the seven catalysts, the 
T 50 s were similarly measured by using propylene gas in 
place of the carbon monoxide, and relations between the 
specific surface area and the T 50 (C 3 H 6 ) for each of the 
catalysts were shown in Fig.2 with — 0~ - 

After the regeneration of the seven catalysts, the 
T 50 s were similarly measured by using nitrogen oxides in 
place of the propylene gas, and relations between the 
specific surface area and the T 50 (NOx) for each of the 
catalysts were shown in Fig.2 with — • — . 

The graph of Fig.2 showed that the T 50 reduced with 
the increase of the specific surface area, and in other 
words, the decomposition of the polluted substance 
proceeded at milder conditions. 



Ex am ple 1 2 

Ten precious metal catalysts containing a co- 
catalyst similar to that of Example 1 were prepared by 
selecting the aluminum oxide such that an oxygen 
storage capacity (An) was about 50 m mols/g. Similarly, 
another ten precious metal catalysts containing a co- 
catalyst similar to that of Example 1 were prepared by 
selecting the aluminum oxide such that an oxygen 
storage capacity ( A n) was about 100 U mols/g. 
Furthermore, further three precious metal catalysts 
containing a co-catalyst similar to that of Example 1 were 
prepared by selecting the aluminum oxide such that an 
oxygen storage capacity (An) was about 200 (jl mols/g. The 
supported metal of the precious metal catalyst was 
rhodium, platinum or rhodium/platinum. 

Cut-down rates ( 7? 400 ) of nitrogen oxides attained by 
each of the catalysts were measured by using the 
apparatus of Example 11 having these precious metal 
catalysts and a fixed temperature of 400 °C and treating 
nitrogen oxides as a specimen. Relations between the 
oxygen storage capacities (An) of each of the catalysts 
and the V 400 were shown in Fig. 3 (wherein that of the 
rhodium used as the precious metal in each of the 
catalysts was indicated with — □ — , that of the platinum 
was indicated with - O - and that of the 
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platinum/rhodium was indicated with — O" - 

As shown in the drawings, the decomposition 
efficiency of the nitrogen oxides increased with the 
increase of the oxygen storage capacity. 

Example 13 

Relations between oxygen storage capacities (An) 
and cut-down rates ( V 400 ) were investigated by 
measuring the cut-down rates ( 7? 400 ) of the carbon 
monoxide (—□—), of the propylene gas (—<>-), and of 
the nitrogen oxides ( — # — ) at 400 °C by means of 
employing the lager number of the catalysts (the precious 
metal was platinum/rhodium) having the same oxygen 
storage capacity as that of the catalysts prepared in 
Example 12. The results were shown in a graph of Fig.4. 

As shown in the graph of Fig.4, the cut-down rate of 
nearly 100 % was achieved with respect to the propylene 
gas regardless of the oxygen storage capacity, and the 
cut-down rates of the nitrogen oxides and the carbon 
monoxide increased with the increase of the oxygen 
storage capacity. 

Example 1 4 

After seven co-catalysts having a composition of 
cerium oxide, zirconium oxide and aluminum oxide 
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having properties of Table 5, and three co-catalysts 
having a composition of cerium oxide, zirconium oxide, 
aluminum oxide and oxides of a rare-earth metal having 
properties of Table 6 were prepared, specific surface areas 
5 sintered at 620 °C and 1000 °C for three hours (m 2 /g) 
and oxygen storage capacities (An, /xmol-0 2 /g) at the 
respective temperatures of each of the co-catalysts were 
measured. After precious metal catalysts having 
platinum and rhodium in a molar ratio of 3:1 were added 

10 to the co-catalysts to prepare catalysts for purifying an 
exhaust gas, T 50 (°C)and n 400 (%) with respect to carbon 
monoxide, hydrocarbons and nitrogen oxides were 
measured. The results were shown in Tables 5 and 6. 
Peak area in the Tables are a peak area ratio of power X- 

15 ray diffr action of ceria and zirconia. 
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Table 5 



Specimen No. 


Yll 


Y12 


Y13 


Y14 


Y15 


Y16 


Y17 


Zr0 2 Peak Area Ratio 


1.000 


0.877 


0.562 


0.792 


0.307 


0.530 


1.000 


CeOa Peak Area Ratio 


0.000 


0.123 


0.438 


0.208 


0.693 


0.470 


0.000 


Weight 


C e O 2 




25 


35 


6 


14 


10 


10 


Z r Oz 


35 


25 


15 


14 


6 


10 


20 


A i 2 O S 


50 


50 


50 


80 


80 


80 


70 


Specific 
Surface 
Area 
Cm*/g) 


620 <C X3h 


95.4 


102.7 


109.3 


134.5 


140.3 


131.9 


122.8 


1000"C X3K 


59.5 


64.9 


61.3 


94.2 


93.9 


92.9 


S7.1 


Oxygen 
Storing 
Ability 

/e 


400 *C 


30.8 


9.4 


0.0 


19.1 


0.0 


7.8 


27.0 


500 r 


40.1 


23.0 


8.0 


33.2 


0.0 


15.2 


32.5 


600 "C 


47.8 


67.7 


2.9 


34.7 


10.1 


18.2 


72.7 


700 "C 


111.7 


194.3 


116.0 


40.4 


37.3 


45.9 


109.4 


800 *C 


263.5 


277.1 


144.4 


56.8 


26.1 


77.3 


101.1 


T co 

CO 


c o 


281 


285 


280 


269 


269 


272 


270 


HC 


281 


283 


279 


269 


268 


270 


269 


NO x 


255 


260 


259 


250 


245 


251 


247 


T] 400 

(%) 


CO 


77.0 


75.6 


73.5 


70.2 


72.4 


72.2 


74.8 


H C 


99.2 


99.5 


99.2 


99.2 


99.3 


99.0 


98.5 


NO x 


91.3 


94.0 


88. 0 


76.8 


78.8 


83.7 


82.4 
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Table 6 



Specimen No. 


Y18 


Y19 


Y20 


ZrOa Peak Area Ratio 


1.000 


1.000 


1.000 


Ce0 2 Peak Area Ratio 


0.000 


0.000 


0.000 


Weight 

% 


Ce0 2 


31.4 


31.4 


31.4 


Zr0 2 


33.3 


33.3 


33.3 


A 1 2 O 3 


33.3 


33.3 


33.3 


iv are jc/axtn 

Element 


2.0 

(L*A) 


,2.0 

(PrA> 


<GdA> 


Specific 
Surface 
Area 
(m*/g) 


620 'CXSh 


89.1 


90.0 


89.5 


lOOCC X3h 


49.6 


50.4 


49.7 


Oxygen 
Storing 
Ability 

/g 


400 *C 


30.8 


30.4 


32.3 


500 "C 


118.3 


119.5 


120.5 


600 r 


132.6 


135.4 


134.5 


700 t; 


287.8 


288.4 


287.8 


800 *C 


443.1 


450.2 


440.5 


Too 

CO 


CO 


296 


290 


294 


HC 


296 


290 


292 


NO x 


266 


260 


263 


T7 -100 
(%) 


CO 


72.2 


72.5 


72.4 


HC 


99.6 


99.7 


99.7 


NO x 


88.1 


88.3 


88.2 
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Industrial Applioabilil^ 

The present invention is a co-catalyst for purifying 
an exhaust gas including: a composite oxide including (a) 
cerium; and (b) at least one element selected from the 
group consisting of zirconium, yttrium, strontium, 
barium and a rare-earth element supported on a 
particulate aluminum oxide support; a specific surface 
area of the co-catalyst after sintering being not less than 
40 m 2 /g; an oxygen storage capacity at 400 °C being not 
less than 10 Umolsfg and an oxygen storage capacity at 
700 °C being not less than 100 /xmols/g (Claim 1). 

Since the cerium oxide which complements the 
catalysis of the precious metal catalyst usable together 
forms the composite oxide together with the added 
element, the cerium does not liberate and is protected by 
the added element having the resistance to heat even 
after the sintering at a relatively higher temperature, 
and the activity thereof is seldom reduced for a longer 
period of time. 

Since the specific surface area and the oxygen 
storage capacity are maintained at specified values or 
more even after the higher temperature sintering which 
has conflicting effects of the attribution to the elevation of 
the resistance to heat and the reduction of the specific 
surface area, the advantage of the higher temperature 
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sintering exceeds the disadvantage of the activity 
reduction caused by the higher temperature sintering, 
and the catalyst can be used for a longer period of time 
with little deterioration in the internal combustion 
engine such as in an automobile in which a temperature 
of an exhaust gas may reach to a higher temperature up 
to 1000 °C or more. 

Preferable sintering conditions for providing the 
resistance to heat to the catalyst, especially for obtaining 
the catalyst having the resistance to heat against the 
higher- temperature exhaust gas practically discharged 
from the automobile includes the sintering between 800 
and 1100 °C (Claim2), and the co-catalyst prepared in 
accordance with such severe sintering conditions and 
having the specific surface area after the sintering of not 
less than 40 m 2 /g and the oxygen storage capacity at 
400 °C of not less than 10 l± mols/g and the oxygen 
storage capacity at 700 °C of not less than 100 U mols/g 
is seldom deteriorated when mounted in the automobile 
for purifying the exhaust gas of which a composition ratio 
changes drastically. 

When the catalyst for purifying the exhaust gas is 
formed by the precious metal and the above co-catalyst 
(Claim 3) and the exhaust gas containing carbon 
monoxide, hydrocarbons and nitrogen oxides at a 
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temperature of 400 °C or more, the oxygen storage 
capacity of the cerium oxide of the co-catalyst 
significantly increases at a temperature between 600 °C 
and 700 °C and, especially the activity of the cerium 
5 oxide is utilized at maximum in a reaction at 700 °C or 
more. 



39 



CLAIMS 

1. A co-catalyst for purifying an exhaust gas 
comprising: 

a composite oxide including (a) cerium; and (b) at 
least one element selected from the group consisting of 
zirconium, yttrium, strontium, barium and a rare-earth 
element supported on a particulate aluminum oxide 
support; a specific surface area of the co-catalyst after 
sintering being not less than 40 m 2 /g; an oxygen storage 
capacity at 400 °C being not less than 10 Atmols/g and 
an oxygen storage capacity at 700 °C being not less than 
100 UL mols/g. 

2. The co-catalyst for purifying the exhaust gas as 
defined in claim 1, wherein sintering is conducted at a 
temperature condition between 800 and 1100 °C. 

3. A catalyst for purifying an exhaust gas comprising: 
a precious metal catalyst; and 

a co-catalyst for purifying the exhaust gas including 
a composite oxide including (a) cerium; and (b) at least 
one element selected from the group consisting of 
zirconium, yttrium, strontium, barium and a rare-earth; 
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a specific surface area of the co-catalyst after sintering 
being not less than 40 m 2 /g; an oxygen storage capacity at 
400 °C being not less than 10 /imols/g and an oxygen 
storage capacity at 700 °C being not less than 100 ix 
mols/g supported on a particulate aluminum oxide 
support. 



ABSTRACT OF DISCLOSURE 



An object of the present invention is to provide a co- 
catalyst for purifying an exhaust gas which can be used 
for a loner period of time as an actual catalyst by using 
the cerium oxide in the conventional co-catalyst for 
purifying the exhaust gas as a cerium-containing complex 
oxide for elevating the resistance to heat and suppressing 
the performance reduction due to thermal deterioration 
and by making a specific surface area and an oxygen 
storage capacity over specified values. A co-catalyst for 
purifying an exhaust gas of the present invention 
includes a composite oxide including (a) cerium; and (b) 
at least one element selected from the group consisting of 
zirconium, yttrium, strontium, barium and a rare-earth 
element supported on a particulate aluminum oxide 
support; a specific surface area of the co-catalyst after 
sintering being not less than 40 m2/g; an oxygen storage 
capacity at 400 °C being not less than 10 Mmols/g and 
an oxygen storage capacity at 700 °C being not less than 
100 Mmols/g. 
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provided by the first paragraph of Title 35, United States Code, §112, 1 acknowledge my duty to disclose any information material 
to the patentability of this application onder 37 CJFJR.. 1 .56 which occurred between the filing date of the prior application and the 
national or PCT international filing date of this application: 

Application No. Filing Date Status 

PCT/JP00/06190 11/09/2000 Pending 

I hereby appoint John EL Mion, Reg. No. 18.879: Thomas J. Macpeak, Reg. No. 19,292; Robert J. Seas, Jr.. Reg. No. 21.09 2: 
Darryl Mexic, Reg- No. 23,063 ^Robert V. Sloan, Reg. NO.J22JZ5; Peter D. Olexy, Reg. No. 24,513; J. Frank Osna, Reg. No. 
246254-5Vaddell A. Biggart, Reg. N o. 24,8 61; Louis Gubinsky, Reg. No. 24Ji2&-Nea] B. SiegeTTTEg- No. 25,200; David J. 
" ishing, Reg. No. 28,703 j john R. Inge, Reg. No.J2&Sl£; Joseph J. Ruch, Jr., Reg. No. 26,577 ; Sheldon I. Landsman, Reg. No. 
2J 3 43QiRichard C. Turner, Reg. No..29_310_; Howard L. Bernstem, Reg. No. 25,665; Alan J. Kasper, Reg. No. 25^426; Kenneth J. 
Burchfiel, Reg. No. .31,333; Gordon Kit, Reg. No. 3JL26J; Susan J. Mack, RegTNoT10,951; Frank L. Bernstein, Reg. No. 3L484; 
Mark Boland, Reg. No. 32097; ^William H. Mandir, Reg. No. 3205,6; Brian W. Harmon. Reg. No._32J78; Abraham J. RosncFT - 
Reg. No. 33^226; Brace E. Kramer, Reg. No. ^3225; Paul F. Neils, Reg. No. 33J£2; Brett S. Sylvester, Reg. No. Roben 
M. Masters, Reg. No. 3SJ0iJ3eorge F. Lehnigk, Reg. No. 36.359 . John T. Callahan, Reg. No. 32,607 . and Steven M. Gruskin, 
Reg. No. 36,818, ray attorneys to prosecute this application and to transact all business in the Patent and Trademark Office 
connected therewith, and request that all correspondence about the application be addressed to STJGHRUE, MION, ZINN, 
MACPEAK & SEAS, PLLC, 2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3213. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Tide 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issuing thereon. 
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Citizenship Japanese 



07/05/2001 
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Residence aitama , Japan Signature / TCty&a/i// sMa^s~oLk 

\ City State/Country J 
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1333-2, Haraichi, Ageo-shi, Sai^am^ 362-0021, Japan 

Citizenship Japanese 



Date 07/05/2001 Fourth Inventor _ Isaimi_ 
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Post Office Address: c /° Mitsui Mining & Smelting Co ., Ltd., Corporate R&D Center, 
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Citizenship Japanese 
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